ABSTRACT. The effect of tumor burden in acute lymphoblastic leukemia on resting energy expenditure, thermic effect of food, and substrate utilization was investigated with open-circuit indirect calorimetry after an overnight fast. Nine patients (six females, three males) ages 6.5 to 15.8 y were studied. Patients were divided into two groups according to their tumor burden at diagnosis (i.e. white cell count, presence or absence of mediastinal mass, or massive organomegaly). The patients with a greater tumor burden had increased energy expenditure. Their resting energy expenditure returned to normal in response to chemotherapy. These results must be interpreted with caution due to the small patient numbers (high tumor burden n = 3; low tumor burden n = 6). Malignant diseases are commonly associated with significant wt loss or "cancer cachexia" (1-3). Wt loss may be mild with early disease but is generally severe with advanced malignancy. Wt loss has been attributed to many different factors, such as anorexia, poor intake, malabsorption and hypermetabolism due to the large tumor load or to associated fever and infection. One previous publication addressed the question of energy expenditure in children with newly diagnosed ALL (4). The authors measured energy expenditure once during the first weeks after diagnosis. They did not distinguish between chemotherapy
treated and untreated patients, or those with a low and a high white blood count. Only one component of energy expenditure, the REE, was measured. They showed that the REE was significantly increased in ALL patients, compared to controls.
Inasmuch as it is unclear whether the increased energy expenditure reported in newly diagnosed children with ALL is due to differences in tumor burden, substrate utilization, or TEF, we designed our study to examine these parameters separately. We also studied the effect of chemotherapy on the patients' tumor burden and energy utilization during the first 2 wk of treatment.
PATIENTS AND METHODS
Patients. Nine children with newly diagnosed ALL presenting to the Oncology Service at The Hospital for Sick Children in Toronto, between January 1984 and February 1986, were studied. The clinical findings at diagnosis, anthropometric measurement, and hematologic data are shown in Table 1 . It proved difficult to recruit patients with a higher tumor burden, because they tend to be clinically unstable. We used WBC count and blast count as indicators of tumor burden ( Table 1 ). The patients are divided into 2 groups according to their WBC: Group 1-more than 50 x 109/liter (n = 3), and/or massive mediastinal mass and hepatosplenomegaly. Group 2-less than 50 x lo9/ liter (n = 6).
All children in the study were clinically stable. The decision to allow a child to be studied was made by the responsible hematologist. The study was approved by the hospital's Human Subject Review committee, in conformity with the Declaration of Helsinki. Informed consent was obtained from all the parents and when possible, also from the child. The patients were treated on two chemotherapy protocols, according to their risk factors. High-risk factors included: age older than 10 y, WBC more than 50 x 109/liter, "lymphoma syndrome" (mediastinal mass, massive hepatosplenomegaly), unfavorably morphology (L2, undifferentiated) (5, 6) . Children with high-risk factors received intensive chemotherapy, whereas those without these findings (standard-risk) were treated with a less intensive program (7) . During the first 2 wk of induction (i.e. when energy metabolism was being studied), the high-risk patients' chemotherapy consisted of daily oral prednisone (60 mg/m2/day), intramuscular L-asparaginase (6000 U/m2/dose) three times a week, weekly intravenous vincristine ( 1.5 mg/m2/dose), and weekly intravenous daunomycin (25 mg/m2/dose). The patients who were treated with the standard-risk program received the same drugs, with the exception of daunomycin, during the first 2 wk of induction (5) .
Experimental Procedure. The REE and the TEF were studied before the start of treatment (day O), and then on day 7 and 14 of chemotherapy. Energy expenditure was studied by an opencircuit indirect calorimetry as previously described (8) . REE replaced, and testing was continued for another 2 h. A spot urine was collected for determination of urinary nitrogen excretion during the I-h fasting REE study and a second urine during the 2-h TEF study. Data analysis. Energy expenditure was calculated from the respiratory gas exchange using standard equations (10) . The TEF was defined as the total increase in energy expenditure above the baseline REE, over the 2-h postprandial study. TEF was expressed both as a percentage of the REE and of the energy content of the test meal ( Table 3) .
The nonprotein respiratory quotient and protein oxidation was calculated from measurements of urinary nitrogen excretion. Fat and carbohydrate utilization were calculated from the nonprotein respiratory quotient (1 1, 12) . A respiratory quotient of more than 1 is seen with lipogenesis from glucose. There is negative utilization (or synthesis) of fat and overutilization of glucose exceeding 100% after refeeding.
Both REE and TEF were compared to the standard predicted values for age, sex, and size reported by the World Health Organization (9) . The percent predicted REE and TEF are considered to be the more accurate values for comparison purposes in a group of patients of different age, sex, and size. We have previously reported that these values obtained in healthy children using our indirect calorimetry system are in the normal range (8) . . .
One of our original hypotheses was that tumor burden would affect energy metabolism. Despite extending the recruitment of subjects to over 2 y, we experienced great difficulty in enrolling patients with a high tumor burden, simply because on the whole they were too unstable clinically. Nonetheless, when we analyzed the data we were able to demonstrate, even with the small numbers (high tumor burden n = 3; low tumor burden n = 6), a highly significant effect of tumor burden on resting energy ex- penditure. With chemotherapy this difference tended to disappear. We also examined the effects of tumor burden on the thermic effect of feeding. Inasmuch as no differences were seen we decided to combine the two groups for the analysis of the effects of treatment on TEF.
The data are presented as mean + SD. Repeated measures analysis of variance and contrasts with Bonferroni corrections were used to compare the changes in energy metabolism with treatment.
The unpaired Student's t test was used to compare the WBC counts and the energy expenditure in the two groups of patients, upon admission.
RESULTS
The age of the nine children (six females, three males) studied was 12.1 +-3.1 y, with a range from 6.5 to 15.8 y ( Table 1) . The three children in group 1 had WBC counts of more than 50 x 109/liter; two of the three (patients 2 and 3) also had associated lymphoma syndrome. All three were treated with the high-risk chemotherapy program (7) . Although the WBC counts of the six children in group 2 were less than 50 x 109/liter, four (patients 4, 5, 7, and 9) were treated with the high-risk chemotherapy program because of their older age or unfavorable cell morphology. The other two (patients 6 and 8) were treated with a standard-risk chemotherapy program.
Three children in group 2 but none in Group 1 had fever at diagnosis. None of the children had recurrent fevers or infections during the 2-wk study period.
Only one child had a history of severe anorexia and had a wt loss of 9 kg at diagnosis (patient 9). The other eight children did not report significant anorexia and wt loss. All but two patients had wt for height ratios which were within the normal range. Chemotherapy had a variable effect on appetite and food intake during the 1st wk, but all patients were eating well by the 2nd wk. The mean wt loss f SD (from admission) was 0.14 a 0.94 kg in the 1st wk and 0.93 + 1.57 kg by the end of the 2nd wk.
The actual wt at study are shown in Table 2 .
Before treatment (day O), the REE in the nine patients ranged between 9 1.6-145.5 % predicted ( Table 2 ). The patients in group 1 had both significantly different total REE (p < 0.02) and percent predicted REE ( p < 0.004) from those in group 2. These differences did not show statistical correlation with the presence 156 STALLINGS ET AL or absence of fever or wt loss. The REE difference appeared to be directly related to the tumor burden at diagnosis, as measured by the WBC and blast counts in the two groups (p < 0.01).
The differences in both total and percent predicted REE in the two groups of patients seen on day 0 were no longer apparent by day 7 and 14 of treatment. Concurrently, the mean WBC count a SD in patients in group 1 and 2 decreased to 3.06 & 2.2 and 1.76 k 1.1 x 109/liter, respectively, by day 7 of chemotherapy.
By day 14, mean WBC were 2.9 + 3.98 and 1.43 f 0.95 x lo9/ liter, respectively.
In the whole study population, the respiratory quotient increased significantly during the 1st and 2nd wk of treatment (p < 0.0058), but no difference was found between the two groups of patients. This increase in respiratory quotient was due to increased utilization of carbohydrate and to a concomitant decreased utilization of fat during the 2-wk study period @ < 0.009). No significant difference was found in the fasting protein oxidation during treatment, and there was no significant difference in the two groups of patients on days 0, 7, and 14 of treatment. These changes in substrate utilization after overnight fast are shown in Figure 1 . The differences in carbohydrate and fat utilization at diagnosis in patients in group 1 and 2 approached significance 0, < 0.07). These differences disappeared during the 2 wk of treatment.
The thermic effect of food increased significantly (p < 0.0 16) during the 2nd wk oftreatment, compared to pretreatment values ( Table 3 ). The thermic effect of food expressed as a percentage of REE was significantly increased @ < 0.026) during treatment.
When TEF was expressed as a percentage of the caloric content of the test meal, this difference was not apparent (Table 3 ).
DISCUSSION
Only a few studies have dealt with the question of energy expenditure in patients with cancer (13) (14) (15) and leukemia (4, 16) . In a recent study by Kein and Camitta (4) , the basal metabolic rate was found to be increased by 50 k 34% of predicted in children (ages 3-14 y) with ALL. REE or basal metabolic rate in their studies was measured using an open circuit system, comparable to our own, but measurements were continued for only 5 min compared with 60 min in our study. Kein and Camitta (4) do not provide any information regarding WBC or the timing of REE measurements with relationship to chemotherapy. REE was not correlated with the WBC or with chemotherapy. However, we found that only patients with a high WBC count and "lymphoma syndrome" had a higher than normal REE. This increased energy expenditure was presumably due to the large tumor burden and the high cell turnover. The REE decreased back to the normal range when the tumor burden disappeared by day 7 and 14 of chemotherapy. Changes in REE were also found by Knox et al. (1 3) in adult cancer patients. Both hypermetabolism and hypometabolism, as well as normal energy expenditure were observed. Their conclusion was that it was the duration of the illness rather than the type of malignancy that affected energy metabolism. Fearon et al. (17) were unable to demonstrate any increase in REE in adults with lung or colon cancer. Bozzetti et al. (15) attributed the excessive caloric expenditure as the cause of malnutrition in patients with cancer.
The changes in the type of energy substrate utilization after overnight fast have not been previously reported in patients with cancer or leukemia. Protein oxidation did not change significantly in response to chemotherapy. However, carbohydrate utilization increased whereas fat utilization fell (Fig. 1) . By day 14 fat utilization was actually negative which implies net fat synthesis and deposition (1 8) . The question arises whether these changes are due to the reduction in tumor burden, in response to chemotherapy, or are due to direct effects of the chemotherapy. We cannot completely rule out the possible effects of changes in tumor burden, expecially in light of the effects of tumor mass on REE. However, in group 2 tumor mass does not appear to have any major effects on REE. Further, we were not able to show any significant differences in substrate utilization between the two groups on admission or in response to chemotherapy. We therefore believe it is more likely that the changes in substrate utilization were due to effects of the drugs on the patients' metabolism. Four drugs were used. Daunomycin inhibits DNA synthesis but has no known effect on intermediary metabolism (1 6) . Vincristine interferes with protein and nucleic acid metabolism by preventing spindly formation during mitotic divisions ( I 6). L-Asparaginase also interferes with protein metabolism (16) . Corticosteroids affect metabolism by increasing gluconeogenesis and hepatic glycogen deposition (19) . They also interfere with protein metabolism and are anabolic in the liver and catabolic in skeletal muscles as well as increasing lipolysis. The multiple effects of glucocorticosteroids on intermediary metabolism might explain the switch from fat utilization to increased carbohydrate utilization after an overnight fast. In the fasted state, we are aware of only one other situation where carbohydrate utilization increases, and net fat synthesis occurs, namely in the first few weeks of refeeding adolescent girls with anorexia nervosa (20) . Our tentative explanation of this observation is that lipolysis must be suppressed and that substrate is derived from the carbon skeletons of amino acids. We, unfortunately, do not have any plasma substrate or hormone measurements. However, consistent with our interpretations, in the anorectic patient, urine nitrogen increased concomitantly with the increased carbohydrate utilization. In our study protein oxidation (calculated from urinary nitrogen excretion) increased numerically but did not reach statistical significance.
Waterhouse et al. (21) investigated a group of adult patients with different types of cancer. They found significantly increased conversion of alanine to glucose and impaired glucose tolerance (22) . Their results support our finding of a change in the substrate utilization induced by chemotherapy. Costa et al. (23) also showed that tumors caused more than 80% suppression of C02 formation from exogenous fats, and resulted in disturbed fat oxidation. Our findings of increased carbohydrate and reduced fat utilization after a test meal appeared to be related to chemotherapy. Chemotherapy also increased the thermic effect of food, above and beyond the 8-20% increase above REE seen in healthy children fed with 20% of their daily energy requirement in the form of a test meal (Vaisman N, Pencharz P, unpublished data). Our findings were based on calorimetric studies done for 2 h after a test meal. Inasmuch as the thermic effect of feeding had been reported to last for up to 6 h (24); our results should be interpreted with some caution. We had considered 6 h of calorimetry after the test meal, but this is an impractical study design for children with newly diagnosed ALL. We conclude that the increased energy expenditure seen in some children with newly diagnosed ALL is due to the presence of greater tumor burden (25) . The REE rapidly returned to normal with treatment and may be related to the decrease in WBC because lymphoblasts are generally very chemosensitive.
The chemotherapy-induced changes in substrate utilization appeared to be more persistent. Inasmuch as most chemotherapy programs for children with ALL last up to 3 y, longitudinal follow-up of intermediary metabolism is important to determine whether there is a profound and permanent effect on metabolism, growth, and development.
